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ABSTRACT

Di vers agai n conducted visual surveys of reef fishes at two
sites, French Frigate Shoals (FFS) and Mdway Atoll (MAMY), in
August and Septenber 1996, respectively. Surveys were repeated
at the sanme stations at which fishes were surveyed in July 1992
(at FFS), in August 1993 (MMY), and in Septenber 1995 at both
sites. N ne stations in two habitats (four on inner and outer
barrier reefs and five on | agoonal patch reefs) were surveyed at
FFS; eight stations were sanpl ed successfully at MMY. Three
divers repeated the identical surveying protocols used during
1992-93: two divers simultaneously tallied all |arger-than-
recruit-sized (> 2 cmstandard length, SL) fish individuals,
encountered within a band transect or other fixed area of reef,
by species or |owest recognizable taxon. A third diver nmeanwhile
estimated the body | engths of a random sanple of fishes
encountered within the sane delimted area. As previously,

di vers rotated between the two (counting, size estimation) tasks.

At FFS, the nunerical densities of total fishes were
nomnally 15% Il ower in 1996 than 1995, but estimtes were
statistically indistinguishable between years. Young-of-the-year
(YOY) and other small-bodied (< 7 cm SL) post-recruits
represented about 56% of total fish counts at FFS in 1996
conpared to 43%in 1995. Length frequency distributions differed
bet ween 1996 and 1995 as the net result of relatively greater
nunbers of smaller (1-3 cm YOY in 1995 and di sproportionately
nore, larger (4-7 cn) YOY and yearlings (7-11 cm) in 1996.

G owt h of the 1995 year-classes over 11 nonths (Sep95- Aug96),
however, did not result in an increase in overall bionass
densities. Standing bi onmass appeared | ower at FFS during 1996
(mean = 0.5-0.6 kg-10 m? depending on habitat) vs 1995 (0.6-1.9
kg:10 mi?), but estimates were statistically indistinguishable
bet ween years.

Nei t her nunerical densities nor biomass densities differed
bet ween 1996 and 1995 at MAMY. Apparent year-differences in the
nurmeri cal densities of major trophic |evels and feeding guilds
ranged from about one-fourth less to one-half greater in 1996.

Bi omass densities were nomnally | ower at MAY during 1996 (0. 8-
0.9 kg:10 m? vs 1995 (0.9 to <2 kg-10 m?), but apparent
differences were statistically insignificant. Length frequency
distributions differed between 1996 and 1995, with relatively
greater nunbers of 4-5 cm YOY-sized fishes in 1995 and

di sproportionately nore 7-11 cmyearling-sized fishes in 1996.

Patterns of nunbers and bi omass at MMY and FFS are
di scussed relative to the possible current and future food
limtation of Hawai i an nonk seals, Mnachus schaui nsl andi, at
FFS.



| NTRODUCTI ON

The Hawai i an nonk seal, Monachus schaui nslandi, is endemc
to the Hawaiian Archi pel ago, where its present distribution in
the Northwestern Hawaiian Islands (NVWHI) is restricted to six
mai n breedi ng popul ations, including French Frigate Shoals (FFS;
24°N, 166°W and Mdway Atoll (MMY; 28°N, 177°W. Beginning in
1989 and continuing through 1996, the nonk seal popul ation at
FFS, where about 30% of all NWHI nonk seals currently reside, has
declined by 55% These declines at FFS, particularly of juvenile
seals, are thought to be related to decreases in the forage base
of nonk seal s, whose broad diet consists of octopus, |obsters,
and shal | ow-wat er denersal and reef fishes (DeLong et al., 1984;
Crai g and Ragen, unpubl. ns.).

In order to eval uate whether reef fish popul ati ons had
recently declined fromprior |levels, shallow water reef fishes
were surveyed at FFS and MMY in the early 1990s. Surveys were
then repeated at stations previously surveyed by U S. Fish &
Wldlife personnel during 1980-83 (at FFS) and 1980 ( MAAY).

These repeat surveys were first conducted at FFS in July 1992
(DeMartini et al., 1993) and at MMY in August 1993 (DeMartini et
al., 1994). DeMartini et al. (1996) provides a conprehensive
interpretation of baseline vs 1992/93 conparisons at both sites.
In general, the nunerical densities of post-recruit-sized (> 2 cm
Standard Length, SL) reef fishes declined by about one-third
between the early 1980s and surveys nade during the early 1990s.
At | east at MMY, these declines included both herbivorous and
carni vorous fishes and occurred in both najor habitat types
(DeMartini et al., 1996). Wen resurveyed in Septenber 1995,
densities at FFS had increased by > 60% conpared to July 1992,
and densities at MMY had nom nally increased by 31% over August
1993 (DeMartini and Parrish, 1996). 1In this report, we update
our shallowwater reef fish tinme series for surveys conducted at
FFS and at MMY during August and Septenber, 1996, respectively.

METHODS AND MATERI ALS
Field Surveys
FFS

Surveys were conducted over a 3-day period (August 16-18,
1996). Reef fishes were surveyed at historical ("test") stations
usi ng the sanme recording protocols as those used in July 1992.
(I'n Septenber 1995, the data used for analysis were collected by
two, rather than three, persons; three-person datasets were used
in 1992 and 1996.) As in July 1992, a total of four test
stations on the barrier reef (BR two inner [Sta. Nos. 7, 8] and
two outer [Nos. 4, 6]), and five patch reef (PR) stations (Nos.



5c, 5d, 5e, 5f, 23) were surveyed. Each station was surveyed
once; two divers tallied densities on a 500 m* band transect (BR
stations) or wwthin a delimted area (PR stations), while a third
di ver simultaneously characterized the body | ength distribution
(by 1- to 10-cm standard length, SL, classes) of fishes in the
sane station area. Fishes were tallied by species or |owest
recogni zabl e taxon. DeMartini et al. (1993) specifies recording
protocols and DeMartini et al. (1996) describes station |ocations
and habitats.

MMY

Surveys were conducted on 4 days over a 5-day period
(Septenber 14-18, 1996). Reef fishes were surveyed at test and
ot her stations using recording protocols identical to those used
in August 1993. A total of three test stations on the barrier
reef (BR two Inner [Nos. 14, 21] and one Quter [No. 19]), plus
five patch reef (PR) stations were resurveyed. Quter BR station
No. 10 was m ssed because of unsafe diving conditions; thus,
1995-96 conpari sons were based on eight stations even though nine
stations were surveyed in 1995 (DeMartini and Parrish, 1996).

The PRs sanpled included test stations Nos. 5, 11, and 17, plus
17A (a reference station used as replacenent for test station No.
18; see DeMartini et al., 1994) and a newly surveyed patch reef
(No. 6X; simlar in area to test station No. 6 and used as its
repl acement). Use of the two replacenent PRs was necessitated by
sand burial of PR test stations 6 and 18 in Septenber 1996.
DeMartini et al. (1994, 1996) provide additional details.

Dat a Anal yses

Speci es ranki ngs were used to eval uate assenbl age structure.
Sone species of parrotfishes (adult Scarus spp) and surgeonfishes
(Acant hurus spp) that were at times difficult to distinguish
underwat er were pool ed for analyses. Potential changes in
nuneri cal densities were evaluated for total fishes, herbivore
and carnivore trophic |evels, and each of four carnivore feeding
guilds (benthic invertebrate-feeders or "benthic carnivores,"”
coral livores, piscivores, and planktivores). Data limtations
restricted anal yses of size frequency distributions and bi onass
densities to total fishes and the two trophic levels. Data were
post-classified into trophic levels and carnivore guilds as
descri bed by DeMartini et al. (1996). Analyses again focused on
hi gher taxa for two principal reasons: (1) The existing data for
fish in the nonk seal diet has famly and grosser taxonomc
resolution; and (2) the statistical power to detect changes > 50%
in NMH reef fish densities using diver visual surveys is
generally insufficient at the species level (power = [1-] < 0.80
at o, = 0.10;, DeMartini et al. 1996).

Tenporal changes (1996 vs 1995) in nunerical densities were
eval uat ed usi ng boot strapped paired-conparisons (Manly, 1991),
with data paired by station between surveys. The results of



1,000 iterations were evaluated at o, = 0.10 (Manly, 1991), and
Bonferroni's correction was used to control Type | error in

mul tiple conparisons (og,;;, = o/ m where m = nunber of

compari sons; Manly, 1991, p. 52). Anal ogous conpari sons of size-
frequency distributions were made using 2-sanpl e Kol nogor ov-
Smirnov (K-S) tests (Siegel and Castellan, 1988). Bi onass
densities were calculated first for each taxon as the cross-
product of mean body wei ght per fish and nmean nunerical density
(N10 m?%), and then sunmed over taxa. Variances were esti nmated
by the delta nethod excl uding covari ances (Seber, 1982, p. 9)
because anal yses indicated that covariances were trivial. Large-
bodi ed transient predators (sharks and the two jacks Caranx

i gnobilis and C. nel anpygus) were excluded fromthe bionass
esti mat es.

Boot strap conpari sons were coded in Mcrosoft Quick Basic
4.5. Al renmaining anal yses used PC SAS v. 6.04 (SAS Inst. Inc,
1990) .

RESULTS
Rel ati ve Densities
FFS

Count data were log-normally distributed anong species. The
10 nost nunerous species dom nated total fish densities (75-79%
dependi ng on habitat) during the August 1996 survey. The top 20
and top 30 taxa contributed 92-93% and 97-98% to total densities,
dependi ng on habitat. Wthin habitats, rankings anong taxa were
generally simlar in 1995 and 1996 (Table 1).

MMY

The 10 nost nunerous species dom nated total densities (83-
86% depending on habitat) in Septenber 1996. The top 20 and top
30 taxa contributed 93-95% and 97%to total densities. Rankings
wi thin habitat generally persisted between 1995 and 1996 (Tabl e
2).

Numeri cal Densities
FFS

I n August 1996, total fish densities averaged 16.8
i ndi vi dual s-10 m? overall, wth herbivores (33% of total) and
carnivores (67% averaging 5.6 fish-10 m? and 11.2 fish-10 m?
respectively (Tables 1, 3). Herbivores were only slightly |ess
numer ous (44% of total) than carnivores on the barrier reef;
conversely, carnivores were nuch nore nunmerous (69% than
her bi vores on patch reefs (Tables 1, 3). The benthic carnivore
guil d dom nated numerically in both barrier and patch reef



habitats (33-35%of total fishes; Tables 1, 3). Densities were
nearly fivefold greater overall on patch reefs.

Boot strapped paired-conpari sons of densities for pooled
(barrier and patch reef) habitats did not differ between 1996 and
1995 for total fishes (an estimted 15% | ower in 1996),
her bi vores (5% | ower), total carnivores (19% | ower), planktivores
(9% hi gher), corallivores (3% higher), or piscivores (11% | ower;
Table 3). Only the 1996 decline (38% in benthic carnivores at
patch reefs was statistically significant after P-values were
adjusted for multiple conparisons (Table 3). Patterns of density
change between August 1996 and Septenber 1995 were qualitatively
dissimlar in barrier and patch reef habitats only for
coral livores and planktivores (Table 3).

The overall nunerical simlarities between 1995 and 1996 at
FFS i ncl uded nost conponent taxa. Differences were not apparent
at the species level within major functional groups (Table 4).

MMY

Total densities averaged 19.2 fish 10-m? overall in
Sept enber 1996, with herbivores (31% of total) and carnivores
(69% averaging 6.0 and 13.2 fish-10 m? respectively (Tables 2,
5). Herbivores were slightly nore abundant (51% on the barrier
reef, and carnivores were relatively nore abundant (72% on patch
reefs (Tables 2, 5). The benthic carnivore guild dom nated
numerically in the two habitats (35-41% of total fishes; Tables
2, 5). Fishes were nore than threefold denser overall on patch
reefs.

Boot st rapped pai red-conparisons differed insignificantly
bet ween Septenber 1996 and Septenber 1995 for total fishes (an
estimted 2% greater in 1996), herbivores (27%greater), tota
carnivores (6%l ower), benthic carnivores (16% greater), and
pl anktivores (28% | ower; Table 5). The estimated changes in
coral livores (44% 1 ower) and piscivores (24% greater; Table 5)
shoul d be consi dered especially suspect because estinmates for
these relatively uncommon and patchily distributed (piscivore)
fishes are extrenely inprecise.

The observed simlarities between 1996 and 1995 in nuneri cal
densities were taxonom cally general (Tables 4, 5).

Lengt h Frequency Conposition
FFS

Rel atively nore young-of-the-year (YOY) and other snall -
bodied (< 7 cm fish contributed to |l ength frequency tallies in
August 1996 conpared to Septenber 1995; overall there were 56%
and 43% YOY-si zed fishes tallied in August 1996 and Septenber
1995, respectively. Between-year differences in the length



frequency distributions of fishes sanpled in each nmaj or habitat
and both habitats pooled (2-sanple K-S tests, all P < 0.01; Fig.
1A, B) resulted fromboth relatively greater nunbers of smaller
(1-3 cnm) YOY in 1995 and di sproportionately nore, larger (4-7
cn) YOY and yearling-sized (7-11 cm fishes in 1996.

MMY

Length frequency distributions differed between Septenber
1996 and Septenber 1995 in each and both habitats pooled (K-S
tests, all P<0.01; Fig. 2A,B). 1In all cases the 1995-96
di fferences represented relatively greater nunbers of 4-5 cm YOY
I n 1995 and di sproportionately nore 7-11 cmyearlings in 1996.
The overall contributions of YOY-sized (< 7 cnm) fishes were 33%
I n both Septenber 1996 and Septenber 1995.

Bi omass
FFS

I n August 1996, nean bi omass densities of total fishes were
0.5-0.6 kg-10 m? with herbivores conprising 37-65% and
carni vores 35-63% depending on habitat. These 1996 estinates
appear smaller but are statistically equivalent to the respective
Sept enber 1995 estimates for herbivores, carnivores, and total
fishes (Fig. 3A). Variances are large (Fig. 3A) and statisti cal
power is insufficient to resolve suggestions of change between
years. YOY-sized fishes contributed only about 7% and 2% to
total biomass on the 1996 and 1995 surveys, respectively.

MMY

Bi omass densities in Septenber 1996 averaged 0.8-0.9
kg:10 m?* about 21-68% were herbivores and 32-79% wer e
carni vores, depending on habitat. Biomass estinmates in 1996 were
nomnally smaller, but statistically indistinguishable from
Sept enmber 1995 val ues due to the large variances of both survey
estimates (Fig. 3B). YOY-sized fishes represented only about 3%
and 1% of total bionmass in 1996 and 1995, respectively.

DI SCUSSI ON
Tenporal Conparisons of Relative Abundance
FFS and MMAY

The distributions of counts anong taxa were fundanentally
simlar between the August (FFS)-Septenber (MMY) 1996 and the
respective Septenber 1995 survey. At FFS, the overall rank
conposition of species within the shallow reef fish assenbl age
has persisted despite quantitative changes in the abundance and
size structure of reef fishes between July 1992 and Sept enber



1995 (DeMartini and Parrish, 1996) and nore recent changes in
size structure between Septenber 1995 and August 1996. At MMY
speci es rankings renai ned concordant along wi th nuneri cal
densities and size distributions from August 1993 to Septenber
1995, and despite changes in size structure between Septenber
1995 and Septenber 1996. W continue to interpret these
observations as indicating stability in fish assenbl age structure
at both FFS and MMAY.

Tenporal Changes in Nunerical Density
FFS

Equi val ently high densities persisted from Septenber 1995 to
August 1996. Between July 1992 and Septenber 1995, the nuneri cal
densities of shallow reef fishes had increased > 60% (DeMarti ni
and Parrish, 1996). These increases had been spatially general --
an estimated 37% on the barrier reef and 63% on patch reefs
(DeMartini and Parrish, 1996)--indicating that nuneri cal
i ncreases had occurred on | arger-than-physi ographic spati al
scales (Sale et al., 1994). The simlar 1995-96 estimates
suggest that the nunerical increases evident in 1995 have
persisted for at |east an additional 11 nonths (Fig. 4A).

MMY

Li ke FFS, fish densities at MMY remai ned simlar between
1995 and 1996 (Fig. 4B). The magnitude of the 1996 esti mates,
relative to those of 1995, ranged broadly around no net change
(fromone-fourth less to one-half greater in 1996) anong the two
trophic levels and conponent feeding guilds exam ned. Total fish
densities had nom nally increased by 31% overall at MAMY between
August 1993 and Septenber 1995, but the increase was not
statistically denonstrable (DeMartini and Parrish, 1996, Table
5).

Cener al

Equi val ent fish densities during 1995-96 at FFS and at MMY
suggest that, at least in terms of overall nunbers, abundances at
both sites are now persisting at |evels higher than those that
occurred during the |ate eighties and early 1990s (DeMartini et
al ., 1996; Fig. 4, this study), a period of |ower productivity in
the NWH ecosystem (Pol ovina et al., 1995, 1996).

Tenporal Patterns of Size Conposition and Bi onass
FFS
The observation that relatively greater nunbers of YOY and
other small-bodied (<7 cm fishes were tallied on the August

1996 vs Septenmber 1995 surveys is an overgeneralization that
obscures two key facts: (1) relatively nore ol der YOY and



yearlings were tallied in 1996, and (2) disproportionately nore
early YOY were tallied in 1995. Both (1) and (2) further attest
to the strong 1995 year-cl asses first reported by DeMartini and
Parrish (1996).

YOY had been relatively nore nunmerous at FFS in Septenber
1995 conpared to July 1992 due to the strong 1995 year-cl asses of
many species of shallow reef fishes (DeMartini and Parrish, 1996;
E. DeMartini, unpubl. obs.). The relative increase in YOY
between the 1992 and 1995 surveys (42% was substanti al .
Al t hough the 1995 increase in YOY counts was | ess than that
necessary to explain the observed increase of > 60%in total fish
density, the higher YOY counts in part contributed to the general
increase in nunbers. In 1995, YOY contributed only about 2% to
the standi ng bi omass of shallow reef fish at FFS (DeMartini and
Parrish, 1996). Hi gher apparent bionmass densities in 1995
reflected the greater nunerical densities of |larger-bodied fish
t hat perhaps represented the grow out of juveniles from
successful year classes established between 1992 and 1995
(DeMartini and Parrish, 1996).

In 1996, YOY again contributed little to overall standing
bi omass. Bionmass densities remai ned indistinguishable from 1995
despite the relative increase in 1996 of yearling-sized fish.
This is not surprising because yearling-sized (7-11 cn) fish,
al t hough | arger-bodi ed than YOY (1-7 cm 0.1-12 g), averaged only
about an ounce (27-32 g) per individual in 1996, dependi ng on
habitat. Mre than several highly successful year-classes in
successi on woul d be needed to appreciably increase standing
bi omass.

MMY

The equi val ent proportions of YOY-sized fish in August 1993
and Septenber 1995 (31-33% of all fishes tallied) renained
unchanged in Septenber 1996 (33%, despite the observed 1995-96
changes in length frequency distributions. As at FFS, the
changes in size conposition occurred in both major habitats and
conprised relative increases and decreases in yearlings and early
YOY, respectively. The 1996 increase in yearlings suggests that
successful 1995 year-cl asses al so becane established at MAY,
even though our 1995 estimtes were too inprecise to adequately
descri be them The geographic scope of reef fish recruitnent
success in 1995 may have extended farther upchain in the NWH
than we had originally surm sed (DeMartini and Parrish, 1996).

As at FFS, the 1996 increases in yearling-sized fish failed
to pronote an increase in standing bionmass that was detectable
wWithin the precision limts of a single survey. At present, our
estimates of biomass density at MMY (and FFS) indicate val ues
t hat have broadly ranged around 1 kg-10 m? from 1992/ 3 t hrough
1996 (DeMartini and Parrish, 1996; Fig. 3, this study).



Cener al

Qur estimates of fish biomass densities on shall ow NWH
reefs of 1 kg-10 m?* are about twice the average |evel of fish
standi ng bi omass on shallow reefs in the main Hawaiian | sl ands
(MH) (Gigg, 1994; DeMartini et al., 1996). W reenphasize the
I nportance of these differences as evidence for the high present
and continuing |evel of exploitation of reef fishes in the M

SUMVARY AND CONCLUSI ONS

At FFS, the nunerical density of reef fishes (all taxa, both
maj or habitats) in August 1996 was equivalent (nean £ se = 16.8 %
4.0 fish-10 m? to the estinmate made in Septenmber 1995 (19.7 +
4.7 fish10 m?). At MMY, the analo%ous estimate made in
Sept enber 1996 (19.2 + 4.6 fish-10 m*“) was e%uivalent to that
made in Septenber 1995 (18.8 £ 4.6 fish-10 ni).

The length frequency distributions of fishes at FFS in
August 1996 and at MAMAY in Septenber 1996 differed in simlar
fashion fromthe respective Septenber 1995 estimtes, reflecting
relatively few early YOY (new recruits) together with relatively
greater nunbers of ol der YOY and yearling survivors of 1995 year-
classes. At FFS, YOY and other small-bodied (1-7 cm fishes were
relatively nmore nunerous in 1996 (56% than in 1995 (43% because
of the greater contribution of older YOY in 1996. YOY and ot her
smal | fishes conprised 33% of total fishes tallied at MMY in
Sept enber 1996, a value simlar to anal ogous estinmates for
Sept ember 1995 (33% and August 1993 (31% because increases in
yearling-sized (7-11 cn), not YOY-sized, fishes were observed at
MMY in 1996.

At FFS, estimtes of standing bionmass in 1996 (0.5-0.6 kg-10
m?) were indistinguishable fromvalues estimated in 1995 (0. 7-
1.9 kg:10 m? and in 1992 (0.4-1.1 kg-10 m?%. Bionmass estinates
at MMY in 1996 (0.8-0.9 kg:10 m? were simlar to those
estimated at MWAY in 1995 (0.8 to < 2 kg-10 m? and in 1993 (1.0-
1.1 kg-10 m? . YOY again contributed little to overall biomass
densities in 1996 at FFS (7% and at MMY (3%.

The increases in recruitnment detected at FFS in Septenber
1995 were initially interpreted by DeMartini and Parrish (1996)
as perhaps the continuation of recent increases in reef fish
nunbers that had not yet fully translated to increased adult
standi ng bi omass. Length frequenci es observed on the August 1996
(FFS) and Septenber 1996 (MMY) surveys suggest that, at both
sites, the grow out of successful 1995 year-cl asses has
continued, but that recruitnent in 1996 was relatively poor.
Surveys over nmultiple years will be necessary to document the
| i kel y sporadic establishnment of year classes, and the accrual of
bi omass by successful, sequential year-classes that woul d be
necessary for substantial increases in the reef fish forage base



at FFS. Tenporal changes in reef fish abundance at MMY need
further docunentation because of the inportance of this site for

potential translocation of seals. |In general, the |link between
reef fish recruitment and production and meani ngful increases in
the reef fish conponent of the nonk seal forage base still needs

to be further descri bed.
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Table 1.--FFS. Mean nunerical densities (N-10 m? of major fish taxa on the Septenber
1995 and August 1996 surveys. The top 30 taxa are ranked in descendi ng order
of their weighted grand neans within each survey for both habitat types
pool ed. Trophic guild acronyns are: bc = benthic carnivores; h = herbivores;
co = corallivores; zp = planktivores; pi = piscivores. A dashed horizontal
| ine separates the top 30, 1995 taxa from | ower-ranked taxa that ranked within
the top 30 on the 1996 survey. abs = absent.

Sept enber 1995 August 1996

Taxon Rank95 DBR DPR Dbot h Rank96 DBR DPR Dbot h
Mul | oi d. vani col ensi s(bc) 1 abs 8. 83 4.41 2 . 20 3.09 1.81
Juveni |l e Scari dae(h) 2 . 64 3.53 2.25 6 .34 1.60 1.04
Dascyl | us al bi sell a(zp) 3 abs 3. 47 1.73 1 .03 5.40 3.01
Thal assoma duperrey(bc) 4 .74 1.52 1.18 4 . 88 1.53 1.24
Chrom s ovalis(zp) 5 .30 1.79 1.12 10 .08 77 . 46
St egastes fasciol atus(h) 6 .10 1.75 1.02 3 .32 2.48 1.52
Ct enochaet us strigosus(h) 7 . 63 1.24 . 97 5 .54 1.77 1.22
Neoni phon sammar a( bc) 8 <.01 . 96 54 13 <.01 . 56 .31
Chrom s vanderbilti (zp) 9 1.00 .01 .45 11 .78 abs .39
Chaetodon mliaris(zp) 10 . 06 .76 .45 8 .04 1.27 .72
Acant hurus triostegus(h) 11 . 20 .61 .43 12 . 20 .53 . 38
Acant hurus spp?(h) 12 .73 .19 .43 15 .34 .17 . 25
Mul | oi d. flavolineatus(bc) 13 abs . 64 .32 7 abs 1.82 .91
Chrom s hanui (zp) 14 >, 36 . 25 .30 18 .02 .31 .18
Stethojulis balteata(bc) 15 .17 .39 .29 17 .10 .28 .20
Cent ropyge potteri (h) 16 .08 . 36 .24 16 <.01 .37 .21
Scarus spp°(h) 17 . 26 .19 .22 9 . 26 .75 .54
Paru. multifasciatus(bc) 18 .10 . 29 .21 20 .10 .18 .15
Lutj anus kasm ra(bc) 19 abs .41 .21 14 .09 .41 .27
Thal assoma bal | i eui (bc) 20 .17 .21 .19 23 .09 .16 .13
Cant hi gaster jactator (bc) 21 >. 08 .23 .16 22 .12 .15 .13
Macr ophar. geoffroy(bc) 22 <. 02 .27 >, 15 24 .02 .21 .13
Zebrasoma fl avescens(h) 23 .04 .20 .13 25 <.01 .21 .12
Naso uni corni s(h) 24 >, 02 .19 >, 11 32 .03 . 05 .05
Chei l i nus uni fasciatus(pi) 25 abs .15 .08 44 <.01 .03 .02
Chaet odon frenblii (bc) 26 .03 .12 .08 28 .04 .11 .08
Naso |ituratus(h) 27 >, 02 .12 .08 36 .03 . 07 .04

Aul ost onus chi nensi s(pi) 28 abs .15 . 07 31 abs .11 . 06
Bodi anus bi | unul at us(bc) . . . .



Tabl e 1.--FFS (conti nued).

Sept ember 1995 August 1996

Taxon Rank95 DBR DPR Dbot h Rank96 DBR DPR  Dboth
Pl ectro. johnstoni anus(co) 30 .03 .11 . 07 27 .01 .15 .09
Kyphosus spp 58 .02 abs <. 01 19 .32 abs .16
Labr oi des pht hi r ophagus(bc) 31 .03 .09 . 07 21 .01 .25 .14
Myripristis spp 34 .01 .09 . 06 26 .17 . 06 .11
Paru. pleurostigma(bc) 36 abs .11 .05 30 <.01 .11 . 06
Top 10 taxa 5.0 24.5 14.1 4.2 20.5 12.5
Top 20 taxa 5.9 27.7 16.9 5.2 23.8 15.0
Top 30 taxa 6.2 29.1 18.0 5.5 25.0 16. 1
Total fishes 6.4 30.4 19.7 5.6 25.8 16. 8
®Acant hurus nigroris, A nigrofuscus, A blochii, A xanthopterus, A dussumeri, and A

ol i vaceus
®Scarus spp adults, including S. perspicillatus and S. sordidus



Tabl e 2. --MMY. Mean nunerica
1995 and Sept enber

1996 surveys.

order of their weighted grand neans within each sanpling period for both

habi tat types pool ed.

dashed hori zont a

that ranked within the top 30 on the 1996 survey.

For trophic guild acronyns see Table 1 caption.

A

densities (N-10 m? of major fish taxa on the Septenber
The top 30 taxa are ranked in descendi ng

line separates the top 30, 1995 taxa from | ower-ranked taxa

Sept enber

1995 BR dat a

i nclude Station 10; data were not collected at Station 10 on the Septenber

1996 survey.

Sept enber 1995 Sept enber 1996

Taxon Rank95 DBR DPR Dbot h Rank96 DBR DPR
Apogon spp(zp) 1 abs 3.73 1.86 9 abs 1.11
St egastes fasciol atus(h) 2 1.34 1.88 1.64 3 2.20 2.68
Chrom s ovalis(zp) 3 1.54 1.52 1.53 7 .55 .71
Paru. pleurostignma(bc) 4 abs 2.84 1.42 8 <. 01 1.02
Acant hurus triostegus(h) 5 2.84 .21 1.38 20 .31 .04
Dascyl | us al bi sell a(zp) 6 abs 2.62 1.31 4 abs 3.22
Mul I oi d. flavol i neatus(bc) 7 .04 2.14 1.21 1 <.01 5.14
Thal assoma duperrey(bc) 8 >, 64 1.15 . 93 5 1.46 1.36
Chaetodon mliaris(zp) 9 <. 02 1.50 . 84 6 abs 1.99
Juveni |l e Scari dae(h) 10 <. 02 1.12 . 63 2 .45 4.08
Thal assoma bal i eui (bc) 11 >, 34 .23 .28 11 .37 .16
Par u. porphyreus(bc) 12 abs .54 .27 30 <. 01 .09
Kyphosus sp(h) 13 .52 abs . 26 14 .33 .14
Coris venusta(bc) 14 .04 .40 .24 17 .02 . 28
Abudef duf abdom nalis(zp) 15 .08 .34 .22 12 . 38 <. 14
Chei |l i nus bi macul at us(bc) 16 abs .43 <. 22 16 abs .39
Acant hurus spp?(h) 17 >, 44 .01 .20 38 .09 abs
Scarus spp°(h) 18 <. 28 >, 12 .19 18 .32 <.05
Chaet odon frenblii (bc) 19 .02 .32 >, 18 23 <.01 >, 16
Stethojulis balteata(bc) 20 .17 .16 .17 10 .47 . 26
Cant hi gaster jactator (bc) 21 .01 .27 .16 50 abs <.03
Myripristis spp(zp) 22 .22 .09 .15 27 abs >, 16
Synodont i dae( pi) 23 abs .23 .11 26 abs .16
Ct enochaet us strigosus(h) 24 .09 > 11 .10 28 <. 02 .11
Coris flavovittata(bc) 25 <. 06 .14 .10 49 .03 abs
Dendr ochi rus barberi (pi) 26 abs .19 <. 10 41 abs <. 09
Acant hurus | eucoparei us(h) 27 <.18 abs .09 25 . 20 abs
Adi oryx spp(bc) 28 <.01 .14 .08 72 <.01 abs
Pl ectro. johnstoni anus(co) 29 >. 06 <. 09 <. 08 35 .04 .05
Paracirrhites forsteri (bc) 30 abs .11 . 06 29 <. 01 .11

A N o



Tabl e 2.--MMY (continued).

Sept ember 1995

Sept enber 1996

Taxon Rank95 DBR DPR Dbot h Rank96 DBR
Labr oi des pht hi r ophagus(bc) 43 .03 .03 .03 15 .05
Neoni phon sammar a( bc) 52 abs <. 04 <. 02 13 .01
Paru. multifasciatus(bc) 35 abs .09 .04 19 abs
Mul | oi d. vani col ensi s(bc) -- abs abs abs 21 abs
Aul ost onus chi nensi s( pi sc) 33 abs .10 .05 22 abs
Chrom s hanui (zp) 38 .01 >, 06 <. 04 24 <. 01
Top 10 taxa 8.3 19.0 12.8 6.8 21.7
Top 20 taxa 9.1 21.8 15.0 7.5 24.2
Top 30 taxa 9.4 22.9 16.0 7.7 25.4
Total fishes 9.6 23.7 17.4 7.9 26.1

éAcant hurus ni grofuscus and/or A
®Scarus spp adults, including S. perspicillatus and S. sordidus

nigroris

DPR



Table 3.--FFS. Summary conpari sons between Septenber 1995 and August 1996 densities

(N-10 m?, by habitat and across both major habitats, for major functiona
groupings of fishes. Al tests were evaluated at o, < o ¢ 9m Wth ms as
defined in the Methods. Standard errors are |listed in parentheses for the
Sept enber 1995 neans. Sanple sizes are 4, 5 and 9 for BR, PR and both
habitats, respectively. (* indicates significance at < o, o9 ) Tests for
stations pool ed over both habitats were considered "na" if trends for BR and
PR stations were opposite.

SEP 1995 % t ot al Prob
Trophic level/guild Reef type mean (se) fishes Change (% change=0
Total fishes BR 6.5 (1.8) 100 - 12 --
PR 30.4 (3.7) 100 - 11 --
bot h 19.7 (4.7) 100 - 15 0.14
Her bi vor es BR 2.8 (0.2) 43 - 11 --
PR 8.4 (2.2) 28 - 4 --
bot h 5.9 (1.95) 30 - 5 0.79
Secondary consuners BR 3.7 (1.8) 57 - 14 --
PR 22.0 (3.4) 72 - 19 --
bot h 13.8 (3.8) 70 - 19 0.05 ns
bent hi ¢ carnivores BR 1.7 (0.3) 26 + 9 0. 68
PR 14.5 (2.8) 48 - 38 <0.001 *
bot h 8.8 (2.7) 45 - 34 na
pl ankti vores BR 1.8 (1.7) 27 - 36 ns
PR 6.6 (0.8) 22 + 19 ns
bot h 4.4 (1.2) 22 + 9 na
corallivores BR 0. 10(. 05) <2 - 45 ns
PR 0. 23(. 06) <1 + 20 ns
bot h 0. 17(.05) <1 + 3 na
pi sci vores BR 0.12(.08) <2 + 1 --
PR 0. 68(. 35) 2 - 14 ns
bot h 0.43(. 21) 2 - 11 na




Tabl e 4.--FFS and MMY. Sunmmary of nom nal (signed) changes
in density wwthin the top 30 taxa of reef fishes,
grouped by maj or trophic |evel and carnivore feeding
gui Il d, between the Septenber 1995 and the August
(FFS) or Septenber 1996 ( MMY) surveys. Noted are
results for binomal tests of the relative nunber of
nom nal increases and decreases.

French Frigate Shoal s M dway Atol |
| ncr ease Decr ease | ncr ease Decr ease

Her bi vor es 4 5 3 4
Secondary consuners 11 10 13 10
bent hi ¢ carni vores 6 7 8 6
pl ankti vores 3 3 4 3
coral livores 1 0 0 0
pi sci vores 1 0 1 1
Total fishes 15 15 16 14

Ho : # decreases = # increases
H,, : # decreases = # increases
15/ 30 i ncr eases 16/ 30 i ncreases

P=1.0 P=0. 86




Tabl e 5.--MMY. Summary conpari sons between Septenber 1995 and Septenber 1996 densities
(N-10 m?), by habitat and across both major habitats, for major functiona
groupi ngs of fishes. Sanple sizes are 3, 5 and 8 for BR PR, and both
habi tats, respectively (Septenber 1995 data for BR Station 10 are omtted from
conpari sons because Station 10 was not sanpled in Septenber 1996.) O her
details are noted in the Methods and Table 3 caption.

SEP 1995 % t ot al Pr ob
Trophic level/guild Reef type mean (se) fishes Change (% change=0
Total fishes BR 10.5 (2.9 100 - 25 --
PR 23.7 (6.4) 100 + 10 --
bot h 18.8 (4.6) 100 + 2 na
Her bi vor es BR 6.5 (3.7) 62 - 38 ns
PR 3.7 (0.6) 16 + 96 ns
bot h 4.7 (1.4) 25 + 27 na
Secondary consumers BR 4.0 (1.8) 38 - 4 --
PR 20.0 (6.0) 84 - 6 --
bot h 14.0 (4.7) 74 - 6 0. 96
bent hi ¢ carni vores BR 1.8 (0.3) 17 + 56 ns
PR 9.6 (2.3) 40 + 11 --
bot h 6.7 (2.0) 36 + 16 0.77
pl ankti vores BR 2.1 (2.1) 20 - 56 ns
PR 9.9 (3.9) 42 - 24 ns
bot h 7.0 (2.8) 37 - 28 0. 59
coral livores BR 0.13 (.07) 1 - 47 ns
PR 0.12 (.05) <1 - 41 ns
bot h 0.12 (.04) <1 - 44 0.24
pi sci vores BR 0.00 (0.00) 0 -- @ - -
PR 0.40 (.23) 2 + 23 --
bot h 0.25 (.16) 1 + 24 0. 66

dStatistically intractable
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Figure 1.--French Frigate Shoals. Percentage frequency

distributions of body length classes (cm SL) for
herbivores (diagonal-right histograms) and carnivores
(hollow histograms). Data for the barrier reef and
patch reefs are plotted in panels A and B,
respectively. In each panel, data for the August 1996
and September 1995 surveys are plotted above and below
the horizontal axis, respectively.
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Figure 3.--(A) French Frigate Shoals (FFS) and (B) Midway (MWAY).

Estimated mean biomass densities (kg'10 m?) of
herbivores (diagonal-right histograms) and carnivores
(hollow histograms), during surveys in August (FFS)
and September 1996 (above x-axis) and in September
1995 at both FFS and MWAY (below x-axis). Also
indicated is one approximately standard error of the
biomass density of total (herbivore plus carnivore)
fishes in each habitat during each survey.




22

. 4g o 140
~ (A) FFS
£ 35 {35
S T
:; 30 30.4 1 30
d 25 25.8 4 25
E I
il 20 T 19.7 7 20
18.5 18.1
:'z\ 15 1:‘:3 T g 16.8| ] 15
7p] 10 12.1 410
g g 5 10.3 - - "
0 S j; 6.5 = 15
0 o A 1.7 - v £ 0
B P T BB apmT Tgoay
Baseline 1992 1995 1996
40 vl 40
55 | (B) MWAY 1
~
£ 30 -4 30
o
~_ 25 e {25
o. —lr 23:7 —lr
=Z 20 7 420
~—~ 19.3 T AT e
;? 15 T- 16.7 5 115
0 12.8 13.3 T
g L & ¥ 10.5) 109 T |10 110
Q 9.0 550
5 6.8 6.2 6.2 45
4.1
2.2 2.6 A
g ar T 8 PO @
B P T B P T
Baseline 1993 1995 1996
Figure 4.--(A) French Frigate Shoals (FFS) and (B) Midway (MWAY).

Time series of the estimated numerical densities
(N'10%) of total and YOY-sized (1-7 cm SL) fishes, at
barrier (B), patch reef (P) and both habitats (T),
during baseline, 1992 (FFS), 1993 (MWAY), 1995 (both
sites), and 1996 (both sites) surveys. Baseline
survey data were collected during 1980 and 1983 at FFS
and during 1980 at MWAY (DeMartini et al., 1996).
Vertical bar indicates 1 se of total fish density.




